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PROBLEM TO BE SOLVED: To provide free-cutting steel in which desired machinability 
can always be obtained in steel for a plastic molding die, particurly, in the one 
of a prehardened type. 

SOLUTION: In the steel having an alloy composition containing, by weight, 0.1 to 
0.6% C, 0.02 to 1.0% Si^_ 0.5 to 2.0% Mn^ 0.005 to 0.10% S, 0.2 to 2.5% Cr, 0.05 to 
0.15% V, 0.001 to 0.020% Al^_ 0.0005 to 0.02% Ca and 0.0005 to 0.010% O, and in 
which the content of P is controlled to ^0.03%, B to sS0.002%, and N to ^0.04%, 
and the balance Fe, the occupancy ratio of sulfide inclusions present in contact 
with oxide inclusions having a CaO content of 8 to 62% is 2.0x10-4 m2 or higher per 
field area of 3.5 mm2 . 
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[M&^m nm%v. C : O. 1—0. 6%. s 

i : 0. 0 2—1. 0%. Mn : 0. 5—2. 0%. 
S:0. 005—0. 10%, Cr:0. 2—2. 5 
%. V : 0. 0 5-0. 1 5%. Al : 0. 0 0 1- 
0. 0 2 0%> Ca:0. 0 00 5—0. 02%HXlf 
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imsmi] ms%x\c-.o. i-o. 6%, s mxaJzmhwm&im^timsL^ixt. Mm 



0. 020%, Ca:0. 0 005-0 . 0 2%fc XV Kc&LZffZcok. $&Mfrlz£*>X33&i-&L. 

0:0. 000 5-0. 010%£-£3rU P: 0. 0 f}#Hg#a>a>& 6. 

3%ar. B : 0 . 0 0 2%OTs N:0.04 [0003] -£?)± s gi£T'<±. Mlcr>$m#ffflZim 
%aT?b^X.1$M1j^m<V^to&£T/Fefrt> tit Hf 20, 000im/#fc 

&&£&«j££WU C aO^Mt#8-6 2ftl%co 10 ^<0»2 OtStiS^O^^a^Knil 

IHMfS&fr^fc&LTMrTS. 1. OSamJiCO 18fi?*^A$ixooJ>i5^<oJ:d5r3SS^^ftT-<7)flJ 

c a$r^^rri,«Efl:^^!»jj<o t 6*iism!& j . wfm® mizmthfflmtfXtohti&xoizz-yxzte. m 
3. 5-2 ^0 2. 0x10-4-2 ia±-c*sc:i: xmmmm^miti^ti'o. ttuzmttz 
zmLti-&#fflmz-$-<;tit:T7xi-v?im&wm ui<D*rot>. >\4xfrt>mmmtz>>yh?z 

comm. £*>J:d5BMrT\ ttB«tt7>t>o*.£tHSJ 

[f*£JS2] fg^lfc^Lfc^jStftimxT. tti>. S3?Jg£«LT^6„ 

Mo : 1. OXJgrra.KFNi : 2. 0%OT [ 0 0 04 ] 8<^qtt£&#-t5^^8T'J>S SCO 

n\m*tz\t2n*%tth77xi'v?ffi&Mmc r > man. mmtz&Tz-thi. ®tmmn&tm<% 

[|§«fl3] fa^l£fcli2m£Ucl=*fe&4H;: 20 ^^McoSitJig-CJi UfUf 

Zr : 0. 5%£TR Pb : 0. 4% mWftKfrtlZVT . *g«tt?)&5»i. fig*BttT' 

OT. Bi : 0. 4%WT. Se : 0. 5%&Tfc<J:tf J>6. 

Te : 0. l%WT^ia^^tt2aJU±^frrS7- [ 0 0 0 5 ] «feS«j5ffl^Cg|LTJi. &ffltt£tt#-f 

im$m4] m?mi%^L3co\vftifriz§emit: A^ztLtT^co^^Lxao.m^cohcotix 

mm^rnkti-mxh^x . ms%x. c : o. 1 hl mw-i 0-287953^- hi; ^ 

-0. 6%. S i : 0. 0 2-1. 0%. Mn : 0. 5 ft*t«ttfcffi^«firaJiHiM j )WStU«tf 

-2. 0%. S : 0. 005—0. 1 0%. C r : 0. £>fU>„ -KOttfflifcL C aO£8-6 2%^Xsij)V^ 

2-2. 5%. V : 0. 0 5-0. 1 5%. A 1 : 0. ^^TtV^-YWC^^^nm^^kUt. £ 
001-0. 020%, Ca:0. 0005-0. 02 30 ^mmtW5&.TX$>h£o%mmicO. Ca£l% 

%ti£ VO :0. 000 5-0. 010 %£■&# t . «±^tf*^^A • vy^y^^ffift^^^Tt* 

P : 0. 03%WT. B : 0. 002%OT. Z t ^WSLt^^cOXhh. ZCOio*. 

n : o. 04%&rxh^x. m&m^mcv^mte Kt^&itmttfi&t+c*) . -ewEH*. «m£±«c 

[S]/[0] :8-40 [0006] ^WOiiHAIi. #812000-3453 

[C a] X [ S] : 1 X 1 0- 5 ~1 x 1 0- 3 8^ rjSffiUJnlttfcft^aiiSfiiJ&fflSJj fcfcWC, C 

[Ca]/[S] :0. 01-20 *>0 aS^rKfl^SrC a*«fcgoT 3B#U «M?» 

[Al ]: 0. 001-0. 020% OBfllidOT-iifflWfc. C a*1M#4 0%£i@;t6 
£«fc-rS££ff&^fciHiafci-.&, SZH'JtttfC 40 fcOSrA. 0. 3-4 0%?)t><D£B; 0. 3%*8t<9 

tvf^ryxi-y^mMmcommcowkm. i>cozcti a/ (a+b+o go. 3. a> 

[^OPM^rSiBH] OB/(A + B + C)^0. l^^£}ff*rft><m;:fc 

[00013 wt, imxmmimi<mvhzttwi*it:. 

iwftcomtimtfmi *%mt. 77x1-, [0007]$ t>izm%.&m>t:iiimAii. mi2 0 0 

£Smm. b<£.7is*\-V>MkXatii75A1"* 0-2 19936^ ^mm^ t^o-c, imnnfft. 

tmssmmtzii^x. mmw?<iix^hwm -r^fmm^Hztx. mmco^y^i^K 

t. *<?mmmizm&. -tzztizmitz. z<vmtnmt. 0. 1-1 %w 

to 00 23 ca$tttzmm&5umi:ikcom.m3. 3 

imiomi 7yx+y?cDimizm\,^m.\t. m «2 m Y )5Wi±siit&ztt:mit?z.. 
mcomimmj-ti^mmmt wmmt com 50 [ 0 0 0 8 ] am itz § * ^mmmmmmit. 



i : 0. 0 2—1. 0%, Mn : 0. 5—2. 0%, 
S:0. 005-0. 10%,Cr:0. 2—2. 5 
%. V: 0. 0 5—0. 15%. Al : 0. 0 0 1 — 



ix. m^mxM. h^frtthmmztbLx 
j>a. ^t>vp&7UJ\-v>mzffl8-t&ztmi.\ 
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+<WZWmimil,t&* HfcfcSfcoT. b$lz 0. 1-0. 6%. Si : O. 0 2-1. 0%. Mn : 

mm&^v*tfn.t>ii&z.ttftm2ivti. zti o. 5-2. 0%. s : 0. 005-0. 10%. c 

{J. fiiV^K ■ V>#>m.{t^ttfo<ZtfftE3mtm r : 0. 2—2. 5%. V : 0. 0 5—0. 1 5%. A 
**9#6*tf>i8¥£ixS. *<IT\ JlJff&agiJtt&i, 1:0. 0 01-0. 0 20%. Ca: 0. 00 0 5- 

tlktltmiX'h&zmmMftmicVtF&BB*^* O. 02%fcJ:tfO: 0. 000 5-0. 0 10%£-& 

oWbiMz-tZtbUZ^ itm>VXF&8mz5-x.&m #U P : 0. 03%WT. B : 0. 002%mT, *> 

m^r^mmami. ®£mw.o&ffl&. t<izim o. n : o. 04%irpc*>oT. «ai*qRne<o^tfi 

*V>Zk%&ZkZto*). Ztih-tZ'izWfcLt: 10 [S]/[O]:8-40 

20 0 1-174 606-^) . [Ca]x[S]:lXl 0-5—1X10-3 

[0009] iBfiLMi. W$L<7ffl$&~7 : 7^»/9i&§L [Ca] / [S] : 0. 0 1-2 0 **0 

mmizffi&L. ±me>zmmm-mit*tizht:t>-t [ah : o. ooi-o. 0 2 0%£gt*rttijii£fT 

mgktt#77xi-y 7&mmmizt>mmxz&^fr %?z.t ^^at-rs . 
tm*.. smmx'h&ztzftit:. 3^>*c. [0013] 

•txnmzmzz^zthimiti. *)xhh. 

[0010] [0014] C : 0. 1-0. 6% 

i%pwfmL£ot'?mmi*micDBmt. 20 citmMtmmLmiz£^kmmtiXtmhim>tiif> 

£o%ib&A(rmt:m%\a.ti&mi. tmzipmBtz £m%f8.ftx*><o . 0. lx^m^^mxims^ 

f>&zmmft$t.mtti. ifc#-?x&m:mi& ^+#xb&. cmtf$><%&kffl£mm&& 
~^mmvt^mmim:htix\^ry &tim.iximL&<7>mzi)tm<Kc r )m' 

x^-y ?$mmcr>mm£&m-&z t t&s . ®i,zm h<r>x\ ±mz 0 . e%t ut. ssfsnn^stt*^ < 

wmmmr^77x+'y?-mm<nmM*W£rt tzwmxhhmste. 0. 3%*-ct±*«.it*ssi 

**»oBsii. mtmmmnmsizmmLtitz [0015] si = o. 02-1. 0% 

ztmm. xMm^it^ix 5®&±<7>m\m.mzm s i itmfiizmmt txmi-zmx&z. s i 

f$jk torn. 774 xmz. nmczuzts^x. 30 0. 0 2%t3iL^v^t:-{i«#T-#^v^ l*»u 

j^msmnxsmftknittim-tz. vwxzKK&zttzi;*). ^mxuzt^ff)^^ 

[00 11] 7tf>?££#£<&£. 1. 0%£_tJBi:U:#. CW*0 

[n@?r«f^-r4^o*g] is^aw^ajs^-s. m&s-z-zmmi. c rmtiZTSMnrnzmbizwi 

*m\<nimxmfflmz^<:ixtzT7x+v?4m &ztx\ *&gg|g«-e#&. 

0>mimte. m*mtr&&m&t lx. mm%x\ c [001 6] Mn : 0. 5-2. 0% 

0. 1-0. 6%. Si : 0. 02-1. 0%. Mn : Mnli. Wmi&j8.-?hWm%7mXt>h. WC^<T> 

0. 5-2. 0%, S:0. 005-0. 10%. C 4*"t^t>6SO@^li, »iatoi:tt£J: <-$-££: 1 

-■ : 0. 2-2. 5%, V : 0: 0 5-0. 1 5%. A |C % mM0g$K&HI3H£< l/C*»W*l£#$ 
1:0. 001-0. 02 0%. Ca : 0. 0005- 40 S*Ai7.tt£i«tf>© . CI 3 L^^^ffiHtTSt 

0. 0 2%fcJ:tfO:0. 0 00 5-0. 010%^ li. 0. 5 %JiLt<0»^-r& . 2. 0%$-fii.SM 
#U P : 0. 0 3%OT. B : 0. 0 0 2%WT. *> ttHtJttSrfiT$-frTHHB(Og«tcR-rS. 

N : 0. 04%£rrCJ>o-t. Sa5*Cfnf]a<0^tt [0017] S : 0. 005-0. 10% 

8-6 2aft%<OSHk!B9^«!B!it«LT#ltri > . m<0B&±fct^T*>l.*\ 0. 0 0 5%jy±#?5E§ 

1. oamjJLhoCaSr-t-^rfSKflift^ffi!!!!!^* -frfilfJ:^. MnSco^MiJ^izXhtt. ttfiHmi 
ffiSf^ «»ffi«3 . 5o2 ^;t02. 0X10-4 ^KOey^-^iJilfiSrtHniX^t y hcomiZht: 

[0012] mvmmtz-t<tirz77x+«, ?-m mzw&<r>xmt lx . e^a^ag^y >f x^js@(c 
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[00 18] Cr : 0. 2-2. 5% 



»i. zemmfim&i&K. m®xzm#x$>&. 

[0026] N : 0. 04%JJlT 



CrtiMAiltt£l6tf>&j£#Tj>£. fc<fc^J?^^ffl NJJ. Cfcfcfcfc:. Cr. Mo. V. A 1 btfrmLXSt 

stag-e&oT. o. 2%&±<7)wmz&mt-t&. avviarv^ ^^feiiey^-zK^isHtc^s. n 

Mmm<-rz±. mm. ms^taxx/wmaxit mt-kub^K mm<v$mh*t>*x. b<izw®& 

i&TZ-£&<DX\ Wck2. 5%£X'<?)miHZ±lb&. <{£8T#I>0. 04%£±mt Lxm-rt:. 

[0019]V:0. 0 5-0. 15% [ 0 0 2 7 ] *»T7^f-/ ?J®g£SM<Dtt8"]IS 

tm&ixwm-&. ttz. c^Nkm&Lxgmwto ^^izm^tumtizx^imt^ht^iz^ 

2ro< 0. *SII&£fifcHHfrr£2&aiJ>6. ZtihcrM \\ ^%'<r>?)^7l l zm^& : jim<?>\n.&ti\i.2WA±. 

5Mi. 0. 0 5%JJU:08ara'C?§4;h.&#>\ 0. 1 5% £. «5r*-£«j£EBi're. iiirawt^^rts-r ta^r 

[0020] Al :0. 00 1-0. 020% tfTZ &&£&J&fr<D®Z b . Jfij£Ki8?>|&£Sa£. 

A l fcMRtzKK^fclHtL-aHirt-***. oyg&t*. 

J3WC»i. SHM&^^WffljSfcJ^JKiiSbTIjl [ 0 0 2 8 ] N i : 2 . 0%BlTt3J;tXMo : 1 . 0% 

^£ffl±Stf£±T£g-C*9. 4*5r<fctO. 00 Ol8£fcte28 

i%zmtott&. o. 2o%tmi&b&M<7)T)\s$.i- b'*>t>i>mm.(vmzzi&m-z±?£gTt>tui.ma 

?yXt-S:£&L. Ztitfmcoma&blffimiWk 20 -T&bXW Ni{iMAiitt£K«>£#. 2. 0%£S 

[0021] Ca:0. 0005-0. 0 2% fctfc. 6 0 O-CtUi^iagtCfc^^MLSCfl^itt 

cait fcimwzisGZitxmti.m<?mwiz&wm *5-z. & . Mot,. wsm\z\r?>< -tx<ry&&z*bh . 

*&m-hfoftXbZfrh.*WWMlzb^X%&it> -cftfc. zixbi^tX. 1. 0%Jart^An*i^T' 
•Ca^fi!t^rri)&. i^mJr^l.^tc. 0. 0 0 

0 5%JjLt.Wgani^^i:i-S. 0 . 0 2%£± [ 0 0 2 9 ] Z r : 0 . 5%UIT 

[0022] O:0. 0005-0. 0 1% £„ Lj&»L£*l£*aMMi. 3sanfi<Oi§t*fc 1 1> fcfi£fo 
Ott. Wmtt&nbtlZ&bKhmXli (CaO, A 30 -f&<0T. 0. 5%£KRgfcU;. 

I2 Oafrf) ££j£Si*-£_L-C. &g&7cST-*>£. [0030] Pb : 0. 4Wr\ Bi : 0. 4%& 

)SS^JRS!L5taittJV^Tti^l^WCaS*5^fit4 T. Te : 0. l%OTfc«ktXSe : 0. 5%W~R91 

t0. 0 00 5%<0O#<fcgT*>l>. 0. 0 1% Hfilt. »B!lttia#7C»T'$,&. Pbli. £ 

O^|gft!ft3&«4^LT«9Jtt3m<^l.tf* i 0T'^ HiJtt£i§#>&. 0. 4%fc^3±&tf. intthOPb 

< . mmn*>fr^j>K{tto<oimmmiz%& . #4 lx tuesgre? » • %is ixmomiz 

[0023] *&IH<0ttffl»fc:;fe Otf^&^tttiJfc . -c [0031] *?|HJfo:fiH »/ ?&£ffl*>tfcftlM 

[ 0 0 2 4 ] P : 0 . 0 3%OT 4it*-)t. E PM Aftflffc Xtltf . ^?JiC a , M 

Pli. a?^ttfci^^Sttfcfc ->TWej>sa>£>. g, Si it^A i e>WHmct> O . -r^HSr. c a 

W<WTft5;t^U^ 0. 03%*T S^^TtSMnS^TXOaC/ilSJ&^LTV^. 1<7) 

a. ma^^mmpA^ \. wx\ mmtrnx-^ z> . # «t -5 stftttfcco^sii. rt^ t stset^ii tx . *i& 

*L<«. 0.01 5%\:XTXbh. mt&mb Lfe. Ift»^ik5i:V^5ttfJtt$-SjS-rS 

[0025]B:0. 002 %OT fcftfc'i®^ tO-C* •) . c\<7) J: p ^4fec^®5r|| 
B«}§eS"mJSStt5r©W>T^gWT'J>&. 0. 0 0 2% 50 S-TS^«>^ft*«. ^<XtffaL^^fefrTftS. 
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[0032] itmn<mm<r>m. r c a o^«# 
e2M3%<mfcWkitmit®Lxif&?z. i. o 

#»ffi»3. 5-2^1)2. 0xl0-4 M 2jji 

-mco^m^r^xi- iMmcommizn lx 

0. 25C-0. 3Si-l. OMn-1. 4Cr- 10 
0. lV-Fe 

xm^it5&±mmt. zmmftm02. ox 

[0033] *5feBB^ai«lSjtfflf!^-r C^SfiOtt^ 

Lxm&t*mzx\^<r>\t. artzmw 
•thiotc. zMmmt-m^zx hxmmo x *>x^ 

[oo34] *%pxcozmm&ftmni. %®&c a o 
• a 1 2 o 3 ^n-smcmxh^x. *<r>mz < c 20 
a. Mn) s^mswmim^^x^h. zcom 

itWt. CaO-A 1 2 O3 mO+-C«iffiUWS<0t<7)-C 

*> 0 . m&mm±. m%vnmM n s x 0 t 

- a 1 2 o 3 ^co<Sll^<ot,cofc-rs i fc £ J: 0 . HH 

(Ca. Mn) Si&7>££«tffc 
mi. <m%MnSX*)i>. ffliBttlfe&*sv\ 

[0035] (Ca. Mn) S^m^im^XMM 

miz®mzBf8.i-&mm}. rtmssmnj tx&tiz, 
mx&nmmiwmthihz&zhh. msmmi. 
xm i mmm*t>±ihmmizm&xm-zt. x 
mmm^hmMifimmtx. ctfmom&m 
*tz&$ttLx?:htihm&. xmm<%-?xmttfm 
xhh. ffift&&mwm&xmmiz£]8.-rz>t. x 40 
Mco&SLtMtmtfitx. cmmwmztiz. 
[0036] *mi<Dmm<7)zmtmitm>c a o - 

Al2 0 3 /(Ca, Mn) S«, m&Z&Z.X*tl 
Kl)fri/V2*Wm<r>ftWfaXhhTJ)Vit4 hC aO 
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•AI2O3 ■ 2 S i o 2 t<?>. zti^ticom&zm: 
i>n><r>t\^ozttfix%h. xmmnmnste. m 

203 ■ 2 s i o 2 a. %%&®.mmf&ixmmm 
mmtw. mmzitL\,\ ztnzm,*m&rm 

[0037] z<r> x 0 ^zMmm-ftmi^mi. ma 
<ox o £m&<v&&mm>£mw3-& z t *^«r* s 

<r>X. [A l ] *#sg-e&->T. ^< 1 0. 
0 0 1 %<0fiR$E#&g-C*>£ . [ A 1 ] ^guttst?* 

&^{tm(om&tfm<%^xL£5frt>. o. o 

2 0%Wrt(C-tS. CaSO£j£ft£f§t&-$-S 
fcfcfc. [Ca] X [S]iiJ;tf [Ca]/[S]£. 

[0038] ±iBLfc«fli»\ HIE^ffoTV^. fftS 
C0^812 0 0 1-17460 b^X\t. «MSflB§ffl<Ott 

z&ak miizft^wmzmmLtixiLizte. c a 

c^ScOttta^&fU IfOSIPfCa, Mn) S 

me>i><7)Xh&zt&hfr~>txr>i,z*tLx. wm<* 
vmmnit&miztec a^s^^ti^t. 

mtzmixwimztit:. 

[0039] 

[HffiM] $tl&XTfm2iz*-t®j$.(r>77A+y?fli 

BiMmmz. isokgism&Mzmm&xmmLxj 
mff>mm£.%feLx. fmm\,zwmz&Ltz. im 
<. %mtzmm:&!££tm?>timLx#>&. mi&x 

Vm2tz&^X. 0SI*#-^#**^ (A. B) <r>i>coii. 
imm. ( a , b ) <0l(0l±itMMTf> 0 . TIB 

X. Ca^O^^MS^StiO 

Bfcitxbcov'j-x : immt lx. sm<^mj& 
tz&wx. m&xa&izht^xs^s i mztm 

[0040] 
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gl (Ay'J-X. fBl) &ft>Hg (SBX g»Fe) g»M 
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C 


S 1 


Mi) 




S 


N i 


C r 


hi o 


V 


A 1 


C a 


O 


N 




A 1 


0,55 


0.25 


0.91 


0.015 


0. 014 


0. 10 


0.25 


0.01 


0.01 


0.009 


0.0018 


0.0015 


0.013 




a 1 


0.54 


0.2? 


0.98 


0. Q14 


0.012 


0. 14 


0.27 


0.01 


0.01 


0. 016 


0. 0002 


0.016 


0.014 




A 2 


0.24 


0.49 


0.98 


0.008 


0.027 


0.08 


1.42 


0.01 


0. 11 


0.010 


0.0035 


0. 0028 


0.011 




a 2 


0.25 


0.52 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By weight %, C:0.1 - 0.6%, Si:0.02-1.0%, Mn:0.5-2.0%, S:0.005 - 0.10%, Cr:0.2-2.5%, 
V:0.05 - 0.15%, aluminum:0.00 1-0.020%, calcium:0.0005-0.02%, and 0:0.0005 - 0.010% are 
contained. They are P:0.03% or less, B:0.002% or less, and N:0.04% or less. Have the alloy presentation 
which the remainder becomes from an unescapable impurity and unescapable Fe, and exist in contact 
with the oxide system inclusion whose CaO content is 8 - 62 % of the weight. The free cutting steel 
excellent in the machinability to which occupancy area of the sulfide system inclusion containing 1.0% 
of the weight or more of calcium is characterized by visual field area [ of 3.5mm ] being two or more 
2.0x10 to 4 mm per two for plastic-molding metal mold. 

[Claim 2] the alloy content specified to claim 1 in addition, the free cutting steel for plastic-molding 
metal mold which contains one sort less than [ Mo: 1 .0% ] and not more than nickel:2.0%, or two sorts 
further. 

[Claim 3] the alloy content specified to claims 1 or 2 - in addition — further — Zr: the free cutting 
steel for plastic-molding metal mold which contains one sort less than [ Pb:0.4% ], less than [ Bi:0.4% ], 
less than [ Se:0.5% ], and not more than Te:0.1%, or two sorts or more 0.5% or less. 
[Claim 4] It is the approach of manufacturing the free cutting steel indicated to claim 1 thru/or either of 
3. By weight % C:0.1 - 0.6%, Si:0.02-1.0%, Mn:0.5-2.0%, S:0.005 - 0.10%, Cr:0.2-2.5%, V:0.05 - 
0.15%, aluminum:0.00 1-0.020%, calcium:0.0005-0.02%, and 0:0.0005 - 0.010% are contained. They 
are P:0.03% or less, B:0.002% or less, and N:0.04% or less. The alloy of a presentation with which the 
remainder consists of an unescapable impurity and unescapable Fe is ingoted. In that case Following 
[Condition S] / [O]:8-40[calcium] x[S]:lxlO-5-lxlO-3[calcium] / [S]:0.01-20 And it is characterized by 
performing operation which fills [aluminum] :0. 00 1-0.020%. The manufacture approach of the free 
cutting steel for plastic-molding metal mold excellent in machinability. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a free cutting steel excellent in machinability, and its 
manufacture approach in the steel for plastic-molding metal mold, especially the steel for plastic- 
molding metal mold called a preharden steel. 
[0002] 

[Description of the Prior Art] It is required that its machinability [ in / in the steel for metal mold / 
machining ] should be high since the metal mold used for shaping of plastics is usually manufactured 
with the combination of machining or machining, and an electron discharge method in the lump of steel. 
As a metal mold ingredient, the so-called preharden steel which has heat-treated beforehand is used with 
an inclination in recent years in many cases. It is because it will deform by heat distortion and 
manufacture days will start, if it anneals to hardening annealing, normalizing, or a pan after processing 
of metal mold. 

[0003] Moreover and recently, in order to shorten the production time of metal mold, the ultra high- 
speed processing machine which performs high delivery which a feed rate goes up by about 20 times 
over the past called a part for 20,000mm/is being introduced, and the machinability which is equal to 
cutting by such severe condition has come to be called for. On the other hand, since the machine tool has 
rotation[ high-speed ]-ized and it is followed, the ingredient of a tool is also in the inclination shifted 
from a high speed steel to a superhard material. By such reason, the machinability which should have a 
free cutting steel is also increasing significance. 

[0004] Addition of S which is the stock-in-trade which improves the machinability of steel reduces 
weldability, has problems, like a mechanical anisotropy becomes high, and has a limitation in the steel 
for plastics metal mold. Since welding is often performed in the manufacture process of plastics metal 
mold, the quality of weldability is an important property. 

[0005] About steel for machine structural use, research for improving machinability has been done over 
many years. The applicant is also proposing a large number until now, and JP,10-287953,A "steel for 
machine structural use excellent in a mechanical property and drill punching workability" is mentioned 
as a representative as latest thing. It is characterized by this free cutting steel containing the calcium 
manganese sulfide inclusion which contains calcium of the spindle mold whose major axis / minor-axis 
ratio which wrapped in the calcium aluminates oxide inclusion which contains CaO 8 to 62% inside are 
five or less 1% or more. Such inclusion that makes an oxide a subject serves as the heart, and the 
inclusion of the structure where the inclusion which makes a sulfide a subject encloses the perimeter is 
called "dual structure inclusion." 

[0006] Then, an applicant sets to JP,2000-34538,A "steel for machine structural use excellent in cutting- 
process-by-turning nature." When setting [ that to which calcium content sulfide is classified into three 
times according to calcium content, and calcium content exceeds 40% for the rate of area to the area of 
an observation visual field ] B and less than 0.3% of thing to C for A and 0.3 - 40% of thing, In A/ 
(A+B+C) <=0.3 and the thing which fulfills the conditions of B/(A+B+C) >=0.1, it indicated that a 
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lathe-turning tool life was prolonged remarkably. 

[0007] The applicant who furthermore advanced research succeeded in clarifying the number to which 
inclusion should exist in JP,2000-219936,A "a free cutting steel" very much, and lessening variation in 
machinability. Steel of this invention is characterized by containing five or more sulfides per two with a 
circle equivalent diameter [ containing 0.1 - 1% of calcium ] of 5 micrometers or more 3.3mm. 
[0008] Although various machine structural steel worker free cutting steels mentioned above realized 
outstanding machinability, it was experienced in operation that variation is sometimes looked at by 
machinability. This is understood because there may be various calcium manganese sulfide inclusion's 
existence gestalten. Then, while clarifying further the dual structure inclusion's which is inclusion's 
which brings about good machinability's existence gestalt, the effect of the manufacture conditions 
given to an inclusion's existence gestalt has been grasped, and it tried hard that the manufacturing 
technology of a free cutting steel of a machine structural steel worker with which desired machinability, 
especially sintered carbide tool lathe-turning nature are always obtained should be established, and the 
applicant knew that a specific operating condition would serve as ****** 5 and also already indicated 
this (application for patent No. 174606 [ 2001 to ]). 

[0009] The applicant extended the object of research to the steel for plastics metal mold, investigated 
whether the operating condition which brings the above-mentioned dual structure inclusion and it about 
could apply also to the steel for plastics metal mold, and knew that it could apply. Furthermore, 
existence of this dual structure inclusion also checked that an operation of minus was not shown at all to 
the weldability required of the steel for plastics metal mold, and a certain amount of mirror plane nature. 

[0010] 

[Problem(s) to be Solved by the Invention] The purpose of this invention utilizes the new knowledge 
which such an applicant acquired, and contains the dual structure inclusion in a suitable existence 
gestalt, therefore it has good machinability, and is in weldability and mirror plane nature offering the 
free cutting steel for plastics metal mold which is not spoiled by one side. Offering the approach of 
manufacturing the free cutting steel for plastics metal mold in which desired machinability is always 
shown is also included in the purpose of this invention. The target of this invention is to make it a tool 
life ratio and realize the machinability improvement of 5 or more times like the place which was adopted 
in the case of the machine structural steel worker. The word of a "tool life ratio" means the ratio of the 
tool life of the free cutting steel of this invention, and the tool life of an ordinary sulfur free cutting steel 
with the same S content in an end mill, cutting, milling, lathe turning, etc. here. 
[0011] 

[Means for Solving the Problem] The free cutting steel excellent in the sintered carbide tool lathe- 
turning nature of this invention which attains the above-mentioned purpose for plastics metal mold As a 
fundamental alloy presentation, by weight %, C:0.1 - 0.6%, Si:0.02-1.0%, Mn: 0.5-2.0%, S:0.005 - 
0.10%, Cr:0.2-2.5%, V:0.05 - 0.15%, aluminumiO.OO 1-0.020%, calcium:0.0005-0.02%, and 0:0.0005 - 
0.010% are contained. They are P:0.03% or less, B:0.002% or less, and N:0.04% or less. Have the alloy 
presentation which the remainder becomes from an unescapable impurity and unescapable Fe, and exist 
in contact with the oxide system inclusion whose CaO content is 8 - 62 % of the weight. Occupancy area 
of the sulfide system inclusion containing 1 .0% of the weight or more of calcium is characterized by 
visual field area [ of 3.5mm ] being two or more 2.0x10 to 4 mm per two. 

[0012] The approach of this invention of manufacturing the free cutting steel excellent in the above- 
mentioned machinability for plastics metal mold By weight %, C:0.1 - 0.6%, Si:0.02-1.0%, Mn:0.5- 
2.0%, S:0.005 - 0.10%, Cr:0.2-2.5%, V:0.05 - 0.15%, aluminum:0.00 1-0.020%, calcium:0.0005-0.02%, 
and 0:0.0005 - 0.010% are contained. They are P:0.03% or less, B:0.002% or less, and N:0.04% or less. 
The alloy of a presentation with which the remainder consists of an unescapable impurity and 
unescapable Fe is ingoted. In that case Following [Condition S] / [O]: 8-40 [calcium] x[S]: 1x10-5-1x10-3 
[calcium] / [S]:0.01-20 And it is characterized by performing operation which fills [aluminum] :0.001- 
0.020%. 
[0013] 
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[Embodiment of the Invention] In this invention, the reason which limited the presentation of the steel of 
a fundamental alloy presentation as mentioned above is as follows. 

[0014] C:0.1 - 0.6%C is a component required in order to acquire reinforcement and proof stress 
required after hardening annealing, and its effectiveness of less than 0.1% of content is inadequate. On 
the other hand, since weld-cracking susceptibility becomes high and the hardness after hardening 
annealing became high too much when the amount of C increased, the upper limit was made into 0.6%. 
When weld-cracking susceptibility is especially important, stopping by 0.3% is desirable. 
[001 5] Si: 0.02 - 1 .0%Si is a component used as a deoxidizer at the time of an ingot. There is also work 
which raises hardenability in Si. It reaches to 0.02%, such effectiveness is twisted, and if little, it is not 
expectable. However, when weld-cracking susceptibility will become high if it adds so much, and a 
segregation becomes large, generating of the crimp nonuniformity when carrying out crimp processing 
increases. Although 1 .0% was made into the upper limit, the bad influence which this limit has is 
stopping the amount of Cr(s), and the amount of Mn lowness, and can be mitigated to some extent. 
[0016] Mn: 0.5 - 2.0%Mn is an important element which generates a sulfide. It makes low hardness by 
die side of the base material at the time of welding, presses down weld cracking, and raises hardenability 
while generation of a sulfide, i.e., immobilization of S, improves hot-working nature. In order to ensure 
such effectiveness, 0.5% or more of addition is required. The addition exceeding 2.0% reduces 
machinability and is contrary to the purpose of invention. 

[0017] What is necessary is just to make it exist, although S:0.005 - 0.1 0%S 0.005% or more is an 
indispensable component and is required also for prevention of weld cracking for improvement in 
machinability. Generating of the pinhole at the time of machining and the pit at the time of an electron 
discharge method is brought about as the amount of generation of MnS is excessive, and toughness is 
reduced. Furthermore, since it becomes the cause of the noise at the time of an ultrasonic examination to 
the steel for plastics metal mold as a problem of a proper, an upper limit must be prepared in a 
comparatively low place. The value is 0.10%. 

[0018] Cr: 0.2-2.5%Cr is a component which raises hardenability. When manufacturing large-sized 
metal mold especially, considering suppression of the mass effect over hardening, it is important and 
0.2% or more of addition is made indispensable. Since machinability, weldability, and hot-working 
nature will be reduced when promoting generation of a carbide segregation band and worsening crimp 
workability if it adds so much, it stops to addition to a maximum of 2.5%. 

[0019] Precipitation strengthening is expected and V:0.05 - 0.1 5%V adds while securing resistance-to- 
temper-softening nature. Moreover, it combines with C or N, carbon nitride is built, and there is 
effectiveness which makes crystal grain detailed. Although obtained by 0.05% or more of addition, such 
effectiveness will reduce machinability, if it exceeds 0.15%. 

[0020] aluminum: Although aluminum generally expects the deoxidation effectiveness 0.001 to 0.020% 
and it adds, in this invention, when adjusting the presentation of oxide system inclusion appropriately 
and raising a tool life, it is required, and add at least 0.001%. If it exceeds 0.20%, a hard alumina cluster 
will be generated and this will spoil the mirror plane nature and machinability of steel. 
[0021] calcium: Since 0.0005 - 0.02%calcium is a component which is made to contain in a sulfide and 
forms a protective coat on the surface of a cutting tool, it is a component very important for the steel of 
this invention. In order to acquire this effectiveness, 0.0005%) or more of addition is made indispensable. 
On the other hand, if superfluous calcium exceeding 0.02% is added, high-melting CaS will generate 
and the failure of a nozzle blockading at the time of casting will arise. 

[0022] 0:0.0005 - 0.01%O is an element required when making the oxides (CaO, aluminum 203, etc.) 
which serve as a nucleus at the time of a sulfide deposit generate. Since high-melting CaS generates so 
much, worsens teeming nature and becomes the trouble of casting in the steel deoxidized too much, at 
least 0.0005% of O is required. On the other hand, machinability not only worsens, but O exceeding 
0.01% uses all calcium as an oxide, a lot of hard oxides generate, and generation of a desired calcium 
sulfide becomes difficult. A lot of oxides cause a pinhole. Since a perimeter is a **** sulfide softly, the 
dual structure inclusion with which the sulfide enclosed the oxide of optimum dose cannot be omitted 
easily at the time of machining, and does not become a pinhole. 
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[0023] It will be as follows if a common impurity and its regulation are stated to the free cutting steel of 
this invention. 

[0024] Since it is harmful for the toughness and weldability of steel, a thing little if possible is desirable, 
but since the bad influence to toughness is small, 0.03% can usually permit P:0.03%or less P. 
Preferably, it is 0.015% or less. 

[0025] B:0.002%or less B raises weld-cracking susceptibility and is harmful. As for 0.002%, this bad 
influence does not have a parenchyma top, and it is a permissible limitation. 

[0026] being harmful, since N combines with Cr, Mo, V, and aluminum with C N:0.04% or less, carbon 
nitride is formed and crystal grain is made detailed - about ~ although it cannot say, carbon nitride 
causes a pinhole, since N reduces hot-working nature, it does not have few [ too ] things which it was 
alike and were exceeded again. In view of the actual condition of steel manufacture, 0.04% which can be 
especially reduced without difficulty was prepared as an upper limit. 

[0027] In addition to the above-mentioned fundamental alloy presentation, according to the place which 
is needed with the property required of the size metallurgy mold of metal mold, the free cutting steel for 
the plastic-molding metal mold of this invention is presentation within the limits to specify, and can 
contain additionally one sort of the element belonging to the next group, or two sorts or more. In those 
modification modes, the reason for limitation of the presentation range is described below as work of 
each alloy content which can be added to arbitration. 

[0028] nickel: If required one sort (less than [ 2.0% ] and Mo:l .0%) or when both secure two sorts of 
desired hardness, it is good to add. Although nickel raises hardenability, machinability will be worsened 
if it exceeds 2.0%. Mo gives the resistance-to-temper-softening nature in the temperature of 600 degrees 
C or more while raising hardenability. Mo is also existence of the minus to machinability. Cost is 
considered to be it and less than 1.0% of addition is a best policy. 

[0029] Zr: It is a component effective in making crystal grain detailed less than [ 0.5% ], and raising 
toughness. In addition, there is effectiveness which mitigates the anisotropy of MnS. However, since 
such effectiveness was saturated with increase of an addition, it limited to 0.5%. 
[0030] one sort less than [ Pb:0.4% ], less than [ Bi:0.4% ], less than [ Te:0.1% ], and not more than 
Se:0.5% - or two or more sorts of all are machinability improvement elements. It exists in the form 
where Pb is independent or it adheres to the periphery of a sulfide, and itself raises machinability. It did 
not dissolve in steel but the upper limit of 0.4% was established for reasons of condensing and 
precipitating and becoming the defect of steel, even if it added Pb beyond this. The reason Bi also 
determined the upper limit of an operation and the plastic range is the same as that of Pb. The upper 
limit of the addition of Te and Se is defined in consideration of the bad influence to hot- working nature. 
[0031] The inclusion which exists in the interior of the free cutting steel for plastics metal mold 
according to this invention is dual structure inclusion, as described above, and according to EPMA 
analysis, a core part is the oxide of calcium, Mg, Si, and aluminum, and is having structure in which 
MnS containing CaS enclosed the perimeter. The gestalt of such inclusion is required in order to attain 
machinability called the target tool life ratio 5 by this invention through the device discussed downward, 
and the conditions for realizing the gestalt of such inclusion are operating conditions which also 
described this above. 

[0032] Correlation with the occupancy area of the inclusion which fulfills a convention "the occupancy 
area of the sulfide system inclusion containing 1.0% of the weight or more of calcium in which a CaO 
content exists in contact with the oxide system inclusion which is 8 - 62 % of the weight is visual field 
area two or more 2.0x10 to 4 mm per two of 3.5mm M of the gestalt of inclusion, and the ratio to the tool 
life the sulfur free cutting steel of same S content indicates a tool life to be is shown in the graph of 
drawing 1 . the free cutting steel for the plastics metal mold of the following alloy presentation with 
which this data follows this invention - receiving ~ end mill cutting - carrying out - obtaining - 
0.25C-0.3 -- an Si-1.0Mn-1.4Cr-0.1 V-Fe tool life ratio - it is shown that the result of five or more can 
be attained when dual structure inclusion occupies two or more 2.0x10 to 4 mm. 
[0033] It is better protection of the tool front face by dual structure inclusion which is explained below, 
and the device of lubrication which artificers consider as a reason which shows the machinability 
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excellent in the steel for machine structural use of this invention. 

[0034] A core part is the multiple oxide of 20CaO-aluminum3 system, and, as for the dual structure 
inclusion of this invention, the compound sulfides of S (calcium, Mn) system are surrounding the 
surroundings of it. This oxide is the thing of a low-melt point point in 20CaO-aluminum3 system, and, 
on the other hand, a compound sulfide is high-melting from the simple sulfide MnS. This dual structure 
inclusion deposits in the form where sulfides surround an oxide certainly, by making an oxide into the 
thing of the low-melt point point of 20CaO-aluminum3 system. Although the operation of sulfide 
system inclusion fusing in cutting, and covering and protecting a tool front face is known well, if only a 
sulfide exists, generation and maintenance of this coat will not be stabilized. If the low-melt point point 
oxide of 20CaO-aluminum3 system lives together in sulfide system inclusion, when artificers found out, 
and a coat will generate to stability, the compound sulfide of S (calcium, Mn) system has the lubrication 
engine performance higher than simple MnS. 

[0035] (calcium, Mn) The meaning in which the compound sulfide of S system forms a coat in a tool 
front face is in the effectiveness which controls wear of the sintered carbide tool called "thermal 
diffusion wear." Thermal diffusion wear is wear to which a tool becomes weak and progresses, as a 
result of the carbide which constitutes a tool material pyrolyzing, and spreading C and losing it in a 
scraps metal, if a tool touches the scraps produced from the candidate for cutting at an elevated 
temperature. If a lubricative high coat generates on a tool front face, the temperature rise of a tool will 
be prevented and diffusion of C will be controlled. 

[0036] Dual structure inclusion CaO-aluminum203/(calcium, Mn) S of the free cutting steel of this 
invention can be called thing having each advantage of MnS which is the inclusion of the conventional 
sulfur free cutting steel, and ANORU site CaO-aluminum203 and 2Si02 which are the inclusion of 
conventional calcium deoxidized steel if a viewpoint is changed. Although MnS on the front face of a 
tool shows lubricity, the stability of a coat is in it, it is a paralysis convex, and is powerless to thermal 
diffusion wear. On the other hand, although CaO-aluminum203 and 2Si02 form a stable coat and 
prevents thermal diffusion wear, it is lacking in lubricity. On the other hand, the dual structure inclusion 
of this invention shows better lubricity while it forms a stable coat and prevents thermal diffusion wear 
effectively. 

[0037] Since generation of such dual structure inclusion begins from preparing the multiple oxide of a 
low-melt point point as mentioned above, the amount of [aluminum] is important for it first, and at least 
0.001% of existence is required for it. If [aluminum] passes so much, since the melting point of a 
multiple oxide becomes high, it will be made to less than 0.020%. Next, in order to adjust the amount of 
generation of CaS, [calcium] x [S] and [calcium]/[S] is controlled to the above mentioned value. 
[0038] The device mentioned above is accompanied by the actual proof. The application for patent No. 
174606 [ 2001 to ] shown above showed the cutting-about free cutting steel of machine structural steel 
worker-free cutting steel according to the invention condition, and the analysis result of the melting 
inclusion which adhered there as contrasted with the case where an ordinary sulfur free cutting steel is 
machined. Although it could check that S existed by high concentration in both cases, and the coat of a 
sulfide was generating the inclusion which adhered according to it, a lot of adhesion of calcium was 
accepted in the tool which machined the free cutting steel according to invention, and existence of 
calcium was not accepted in the inclusion of an ordinary sulfur free cutting steel to it having turned out 
that this coat is the thing of S (calcium, Mn) system. The same result was checked also about the free 
cutting steel for the plastic-molding metal mold of this invention. 
[0039] 

[Example] The steel for plastic-molding metal mold of the presentation shown in Table 1 and 2 was 
ingoted with 150kg RF vacuum induction furnace, and was cast to the ingot, each ingot was forged into 
the square bar mold whose one side is 60mm, and the trial was presented with it after heat treatment. 
Heat treatments are hardening to 970 degrees C which carries out after [ heating ] air cooling, and 
annealing in the suitable temperature for each steel following it. In Table 1 and 2, the experimental run 
number of the thing of an example and a small letter (a, b) is an example of a comparison, and the thing 
of a capital letter (A, B) is contrast of the following contents. 
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Series of A and a: [0040] which examined what increased the amount of S or Si based on the 
conventional knowledge in the existing alloy presentation as an example of a seriesrcomparison of the 
things B and b from which the presentation of a major component is the same as, and amounts, such as 
calcium and O, differ 
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[0042] About each test specimen, while measuring hardness, the following trial was performed. A test 
result is shown in Table 3 and 4 corresponding to Table 1 and 2 with formation of the protective coating 
on the value of -5 and 10[component ratio of each free cutting steel for plastic-molding metal mold, i.e., 
[S]/[0] [calcium] x[S], and calcium]/[S], the gestalt of inclusion, and the front face of a tool at the time 
of lathe turning. 

[0043] [Machinability] The ratio when setting tool life time amount of the example of a comparison to 
which cutting is carried out the following condition and the acquired tool life time amount is equivalent 
to 1 was shown as a "tool life ratio." 

tool: — a two end mill cutting edge and 32mm of diameters rotation: - SOOOrpm delivery: — 750 m/min 
infeed: ~ 4mm of shafts, and 1mm cutting oil [ of diameters ]: -- nothing tool life criterion: ~ 0.3mm 
[0044] of the horizontal flank maximum wear The inclusion of the sulfide system containing 1.0% of the 
weight or more of calcium in which a CaO content exists in contact with the oxide system inclusion 
which is 8 - 62 % of the weight by the [evaluation of sulfide system inclusion] EPMA measured the area 
occupied to per two a visual field area of 3.5mm. 

[0045] The front face of [evaluation of mirror plane nature] test piece was ground by hand finishing by 
#3000 emery. The pinhole of a mirror plane, crimp nonuniformity, etc. were investigated and what is not 
suitable for O and use in a thing usable as steel for plastic-molding metal mold was made into x. 
[0046] The slanting Y mold weld examination specified to [evaluation of weldability] JIS-Z3158 was 
performed. That to which weld cracking generated what weld cracking generated in neither of ten test 
pieces at the time of carrying out a 300-degree C preheating in O and either was made into x. 
[0047] 
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[0049] 

[Effect of the Invention] Since the inclusion, especially dual structure inclusion which bring about high 
machinability existed in the free cutting steel for the plastic-molding metal mold of this invention with 
the optimal gestalt, outstanding machinability to which a tool life can attain the target of 5 or more times 
easily to an ordinary sulfur free cutting steel in machinability was realized. 

[0050] In the old free cutting steel, although a certain amount of consideration was performed about the 
gestalt of the inclusion which gives good machinability, it was about the means which makes such 
inclusion with high repeatability, and the actual condition was not able to carry out paralysis convex 
satisfaction. This invention can manufacture the pre HADON type free cutting steel for plastic-molding 
metal mold with the machinability excellent in the usual state especially by breaking through **** of 
the conventional technique in this point, and performing manufacture which fills the aforementioned 
operating condition. 



[Translation done.] 
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